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Abstract

Purpose Although total dietary protein intake has been associated with bladder cancer (BC) risk, the effect of the origin
(plant or animal) and the substitutions remain to be understood. This study aimed to investigate the effect of total dietary
protein, animal-based protein, plant-based protein, and their substitutions with each other on the risk of BC using a pooled
analysis of 10 cohort studies.

Methods The study was conducted within the “BLadder cancer Epidemiology and Nutritional Determinants” (BLEND)
study, including 10 prospective cohort studies from several European countries, the United Kingdom, and the United States.
Individual data from 10 prospective cohorts containing 434,412 participants (overall male/female ratio was almost 3:1) with
a total of 4,224,643.8 person-years of follow-up was analyzed. Hazard ratios (HRs) and 95% confidence intervals (Cls) for
BC risk for animal and plant-based protein substitutions of 30gram (g) per day (g/day) were estimated by multivariable
adjusted HRs using Cox proportional hazards models.

Results During 11.4 years of follow-up, among 434,412 participants (73.28% female), 1,440 new cases of BC were identi-
fied. After multivariable adjustment, no association was observed between the intake of total, animal-based protein, and
plant-based protein and BC risk. Replacement of every 30 g/day of animal-based protein intake by the same amount of plant-
based protein intake or vice versa was not associated with the risk of BC.

Conclusion In conclusion, our study found no association between protein intake—whether from animal or plant sources—
and the risk of BC. Substituting animal-based protein with plant-based protein, or the reverse, did not influence BC risk.
Future studies are required to provide information on the link between animal- and plant-based proteins and BC risk.

Keywords Total proteins - Plant-based proteins - Animal-based proteins - Bladder cancer - Substitution analysis -
Replacement - Cohort studies

Introduction

Bladder cancer (BC) is the 10th most common and 13th
most deadly neoplasm worldwide, and the number of inci-
dent cases and deaths related to the condition is still rising
[1, 2], particularly in Europe and other developed nations.
The incidence rate of BC and its mortality is approximately
four times higher in men than in women [2]. Due to the
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high recurrence rate of BC and the ongoing invasive moni-
toring requirement, BC has the highest per patient lifetime
treatment costs of all cancers, posing a remarkable financial
burden on the healthcare systems [3, 4]. New preventive
and management strategies are, therefore, highly needed
[5]. Previous epidemiologic research has demonstrated that
most BC cases are attributable to tobacco use, male sex,
age, obesity, and occupational exposures [6—8]. In addition,
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as for many cancers, the association of various dietary fac-
tors with BC has been studied [9-11], and the results were
supportive of the benefits of consuming more vegetables
and fruits [12], dairy products [13], and tea [14]. However,
despite the currently available evidence on the association
between diet and BC risk, a recent report by the World Can-
cer Research Fund International (WCRF) declared that the
evidence is still scarce [15].

Dietary protein intake has been a high-priority research
topic of interest in nutritional research [16]. It has been dem-
onstrated that even small changes in the amount or combi-
nation of protein intake in individuals can have a big impact
on public health [17, 18]. Evidence from prospective cohort
studies has demonstrated that different sources of dietary
protein might have the potential to affect the development
of several chronic diseases [19, 20]. There are also some
previous studies on different sources of protein and BC risk
[21, 22]. Several prospective cohort studies have shown an
increased risk of BC associated with increased consumption
ofred and processed meat [21, 23]. In contrast, Dianatinasab
et al. [24] reported an elevated risk of BC specifically linked
to high organ meat intake, while no significant associations
were observed for other meat sources. Similarly, a Swedish
cohort study found no significant association between the
intake of red and processed meat, poultry, or fish and BC
risk [22]. Despite prior research on the associations between
the intake of different protein sources and BC risk, the over-
all results remain inconclusive. Dietary proteins are macro-
nutrients that are classified as animal and plant origins [25].
Proteins originating from animal or plant sources have dif-
ferent combinations of amino acids and dietary compounds
with potentially various health effects [26].

In nutritional epidemiology, dietary substitution meth-
ods are used to evaluate the impact of replacing specific
foods with other foods of equivalent amounts on the risk of
disease development [27]. Substitution analyses provide a
statistical framework that models dietary modifications by
altering macronutrient composition while maintaining con-
stant total energy intake, thereby helping to identify optimal
dietary patterns.

To our best knowledge, previous studies have not focused
on the effect of different origins of dietary protein and their
replacement on BC risk and data on the theoretical effects
of substituting protein sources on the risk of BC is limited.
Therefore, the present study aimed to investigate the effect
of total, animal, and plant-based proteins, as well as their
replacement, on the risk of developing BC, by using the
pooled data of 10 cohort studies.
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Materials and methods
Study population

Data for this investigation was obtained from the Bladder
Cancer Epidemiology and Nutritional Determinants Con-
sortium (BLEND) [28]. The BLEND study is a large inter-
national consortium that merges individual participant data
from 19 case-control studies and 16 cohort studies [28]. For
the present study, data from 10 cohort studies, with a total
of 434,412 participants (1440 BC cases and 432,972 non-
cases), from centers in 10 countries [i.e. Europe: European
Prospective Investigation into Cancer and Nutrition cohort
studies (EPIC) [29] (Denmark [30], France [31], Germany
[32], Italy [33], The Netherlands [34], Norway [35], Spain
[36], Sweden [37, 38], United Kingdom [39, 40]); and
North America: (USA) (Vitamins and Lifestyle cohort study
(VITAL)) [41]] were included (Supplementary Table 1).

Studies were selected based on the availability of com-
prehensive data on all relevant variables, including dietary
intake and BC incidence. Studies with missing informa-
tion on dietary intake or incomplete data on BC diagnosis
were excluded to ensure the accuracy and robustness of the
results.

Data collection and coding

Details on the protocol and methodology of the BLEND
consortium have been described elsewhere [28]. In brief,
the primary data from the included studies were collected
into an integrated database. All data were checked, and all
food intakes were converted to an intake of grams per day
(g/day) using country-specific food tables and the frequency
responses in the dietary questionnaires. All the included
studies identified new cases of BC by including participants
diagnosed with urinary bladder neoplasms, as defined by the
International Classification of Diseases for Oncology (ICD-
0-3 code C67). These diagnoses were determined through
self-reported questionnaires, population-based cancer regis-
tries, health insurance records, or medical records [42, 43].

The collected dietary data was harmonized and catego-
rized by using the hierarchical Eurocode 2 food coding
system developed by the European Union [44], besides,
weekly, monthly or yearly intake were converted to weekly
food intake. Dietary intake data were obtained using vali-
dated semi-quantitative food frequency questionnaires
(FFQs) [41, 45-47] and recorded using the Eurocode 2 food
coding system [48]. Total dietary protein intake was cate-
gorized into two macronutrient groups: (a) animal protein
(derived from animal-based foods such as meats, fish, milk,
and eggs) and (b) plant protein (derived from plant-based
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foods such as fruits, vegetables, legumes, grains, nuts, and
beverages).

The intake of these dietary proteins was calculated in
grams per 1000 kilocalories per day (g/1000 kcal/day, nutri-
ent density method), to account for total energy intake and
reduce extraneous variation in dietary intakes [49], and were
categorized into tertiles (i.e. low intake (tertile 1), medium
intake (tertile 2), and high intake (tertile 3).

Alcohol intake was considered as the sum of dictary
intake of beer (g/day) and wine (g/day). In addition to
dietary intake data, the data on age, sex, smoking status
(current/former/never), and smoking pack-years measured
at baseline using a demographic questionnaire.

Statistical analyses

The differences between the baseline characteristics of the
participants based on tertiles of dietary total protein intake
were assessed by the ANOVA test for continuous variables
and the Chi-square for categorical variables. All statistical
analyses were performed on the pooled data from the 10
cohort studies included in our analysis.

Cox proportional hazard models using age as the underly-
ing time metric were used to assess the association between
protein intake and BC risk. Hazard ratios (HRs) and 95%
confidence intervals (CIs) were calculated using the first ter-
tile as the reference group. The proportional hazard assump-
tion was graphically examined, and no evidence of violation
was found. The follow-up time was calculated from the date
of study enrolment and the date of a registered diagnosis
of BC or the date of last follow-up (date of death, lost to
follow-up, or study exit). The Cox regression models were
performed as Model 1 (adjusted based on total energy intake
(kcal)), Model 2 (adjusted based on Model 1 and addition-
ally adjusted for age and sex), and Model 3 (adjusted based
on Model 2 and additionally for smoking status (never, for-
mer, or current smoker) and alcohol intake (g/day). Total
dietary protein intake was divided into wo macronutri-
ent groups: animal protein and plant protein. Animal pro-
tein, derived from animal-based food groups including red
meat, white meat, fish, dairy products, and eggs. Red meat
included all forms of fresh (e.g., beef, pork, hamburger,
liver, and meats used in dishes) and processed red meat
(e.g., bacon, ham, and sausage). White meat encompassed
chicken, turkey, and other white meats. Fish, including fish,
canned tuna, and other sea foods and dairy products includ-
ing milk, cheese, yoghurt, and other dairy products. Plant
protein, derived from plant-based food groups including
bread, cereal, pasta, nuts, beans, legumes, beverages, fruits,
and vegetables. To assess the effect of substituting animal-
based proteins with plant-based proteins and vice versa, we
used a leave-one-out model [27]. For this, 30 g/day [50] of

animal-based proteins was replaced by the same quantity of
plant-based proteins, and vice versa, while keeping the total
energy intake constant. This means that an increase in plant-
based protein was offset by an equal decrease in animal-
based protein, ensuring that both total protein and energy
intake remains constant. Similarly, an increase in animal-
based protein was offset by an equal decrease in plant pro-
tein, with total protein and energy intake remains constant.
In addition, we examined the non-linear dose-response
association between the intake of animal-based protein to
total protein ratio (%) and BC risk using a restricted cubic
spline model with a fully adjusted model. The P for hetero-
geneity was calculated using the Wald test. Four knots were
selected at the following animal to total protein ratio per-
centages: 0%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, and 100%. The reference value was fixed at an
animal to total protein ratio of less than 5% of total energy
intake from protein.

Secondary analyses included the evaluation of a poten-
tial interaction between protein intake and sex (the interac-
tion effect was checked in the main model) and omitting BC
cases diagnosed in the first two years of follow-up. Finally,
to determine the single study effect, sensitivity analyses
were performed by removing each individual study in turn
from the main analysis. The data was analyzed using Stata
statistical software (version 14.2). P-values less than 0.05
were considered statistically significant.

Results
Baseline characteristics

The baseline characteristics of the study population across
tertiles of the total protein intake are provided in Table 1.
In total, 434,412 participants (318,343 women and 116,069
men), including 1,440 incident BC cases, with a total of
4,224,643.8 person-years were included. The median fol-
low-up was 11.4 [range =0.003, 31.34] years. Participants in
the highest tertile of total protein intake were more likely to
be current smokers than those in the lowest tertile (Table 1).

Total dietary protein intake and BC risk

Results of the association between total dietary protein
intake and BC risk are provided in Table 2. The linear model
showed that an additional 30 g/day of total protein intake
was not related to the risk of BC. The linear model in women
showed that an additional 30 g/day of total protein intake
was associated with an overall 40% decrease in the risk of
BC after adjustment for age, sex, and energy intake (Model
2: HR:0.60; 95%CI: 0.47, 0.77), however this association
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Table 1 Baseline characteristics of participants based on tertiles of total protein intake

Variables All participants  Total protein intake P-value
Tertile 1 <28.4 g/day Tertile 2 28.4—40.8 g/day Tertile 3 >40.8 g/day
Age at baseline (year) [mean+ SD] 50.6+10.2 499+11.1 50.3+£10.3 51.5+£9.0 <0.001*
Sex <0.001%
Women, n (%) 318,343 (73.3) 114,048 (78.3) 106,790(73.7) 98,232 (67.8)
Men, n (%) 116,069 (26.7) 31,483 (21.7) 38,014 (26.3) 46,572 (32.2)
Smoking status <0.0017
Current smoker, n (%) 92,045 (21.2) 28,243 (19.5) 31,573 (21.8) 32,229 (22.3)
Former smoker, n (%) 129,547 (29.8) 45,496 (31.4) 43,881 (30.3) 40,170 (27.7)
Never smoker, n (%) 212,820 (49) 71,065 (49.1) 69,350 (47.9) 72,405 (50.0)
Energy intake, kcal/day 2160.5+664.4 1861.1+542.1 2100.5+569.6 2481.3+706.3 <0.001*
Total protein intake, g/day 38.1+17.4 22.5+4.1 34.1+3.5 57.5+15.7 <0.001*
Total protein intake, energy % 16.5+4.1 15.0+3.4 17.2+3.6 17.3+4.8 <0.001*
Animal-based protein intake, g/day 24.5+14.1 14.9+6.1 22.3+8.4 36.2+159 <0.001*
Animal-based protein intake, energy % 10.5+4.1 9.8+3.9 10.9+3.8 10.8+4.2 <0.001*
Plant-based protein intake, g/day 13.6+12.2 6.8+5.2 11.2+7.7 21.6+15.7 <0.001*
Plant-based protein intake, energy % 5.6+4.5 4.6+3.8 59+48 6.3+4.5 <0.001*
Alcohol intake, g/day 9.4+15.0 6.9+11.6 8.89 + 14.46 123+17.7 <0.001*
Data are presented as mean+ SD for quantitative variables and as number, (%) for qualitative variables
*Based on independent sample t-test
Based on Chi-2 test
Standard deviation, SD; g, gram; kcal, kilocalorie
Table 2 The association between dietary intakes of total protein and bladder cancer
Linear association (per ~ Nonlinear association
30g) Tertile 1 <28.4 g/ Tertile 2 28.440.8 g/  Tertile 3 >40.8 g/day P
day day trend
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
All participants (cases/non-cases) 1,440/432,972 459/144,345 476/144,328 505/144,299
Person-year 4,224,643.8 1,324,858.2 1,395,118.8 1,504,666.8
Model 1 0.95(0.84, 1.08) 1 (ref) 1.11 (0.97, 1.26) 1.13 (0.96, 1.32) 0.09
Model 2 0.95(0.81, 1.11) 1 (ref.) 1.03 (0.90, 1.18) 1.01 (0.86, 1.18) 0.98
Model 3 0.95(0.81, 1.05) 1 (ref.) 1.01 (0.88, 1.17) 1.01 (0.85, 1.20) 0.88
Based on sex (P for interaction> 0.05)
Men (cases/non-cases) 986/115,083 281/31,202 319/37,695 386/46,186
Model 1 1.14 (0.96, 1.34) 1 (ref.) 1.07 (0.91, 1.26) 1.20 (1.00, 1.45) 0.05
Model 2 1.14 (0.97, 1.35) 1 (ref) 1.07 (0.92, 1.26) 1.21 (1.00, 1.46) 0.05
Model 3 1.04 (0.86, 1.25) 1 (ref.) 1.04 (0.87, 1.25) 1.10 (0.89, 1.35) 0.36
Women (cases/non-cases) 454/317,889 178/113,143 157/106,633 119/98,113
Model 1 0.59 (0.46, 0.76) 1 (ref.) 0.96 (0.76, 1.21) 0.63 (0.46, 0.86) 0.01
Model 2 0.60 (0.47,0.77) 1 (ref.) 0.97 (0.77,1.21) 0.64 (0.47, 0.87) 0.01
Model 3 0.78 (0.57, 1.05) 1 (ref) 0.96 (0.75, 1.22) 0.81 (0.58, 1.13) 0.26

HR, hazard ratio; CI, confidence interval; g, gram

Model 1: Adjusted based on total energy intake

Model 2: Additionally, adjusted based on age and sex

Model 3: Additionally, adjusted based on smoking status, and alcohol intake
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disappeared after additional adjustments for smoking status
and alcohol intake in final model. No significant association
was observed in men.

The non-linear model showed that higher total protein
intake was associated with a lower BC risk among women
after adjustment for age, sex, and energy intake (Model 2:
HRyigh vs. 10w:0-64; 95%Cl: 0.47, 0.87, p-trend =0.01), how-
ever no association was observed in the final adjusted model
(Table 2).

Animal dietary protein intake and BC risk

Overall, the linear model revealed a direct significant asso-
ciation between every 30 g/day increase in animal-based
protein intake and the risk of BC after adjusting for age,
sex, and energy intake (Model 2: HR:1.23; 95%CI: 1.05,
1.44) (Table 3). Stratification based on sex showed the same
results only among men. These associations became non-
significant in final adjusted model.

The modest intake of animal-based protein intake showed
ahigherrisk of BCin Model 2 (Model 2: HR 4 tertile vs. lowest:
1.21; 95%CTI: 1.06, 1.38, p-trend =0.06), however no asso-
ciation remained in the final adjusted model (Table 3).

Plant-based protein intake and BC risk

The linear model showed that an additional 30 g/day of plant-
based protein intake was associated with 34% decreased
risk of BC after adjustment for age, sex, and energy intake
(Model 2: HR:0.76; 95%CI: 0.65, 0.88) (Table 4). Moreover,

an additional 30 g/day of plant-based protein intake was
associated with lower risk of BC in Model 2: HR:0.51;
95%CI: 0.38, 0.67, however these associations disappeared
after additional adjustments for smoking status and alcohol
intake in the final adjusted model. There was no significant
association between plant-based protein intake and BC risk
among men (Table 4).

In the non-linear model, higher plant-based protein
intake was associated with a lower BC risk in overall
after adjustment for age, sex, and energy intake (Model 2:
HRypigh vs. 1ow:0-81; 95%Cl: 0.70, 0.94, p-trend=0.006) and
among women (Model 2: HRyip vs. 10w:0-58; 95%Cl: 0.44,
0.77, p-trend=0.01), however these significant links disap-
peared in the final adjusted model (Table 4).

Substitution of protein sources and BC risk

Table 5 presents the association between the substitution of
30/day of plant-based protein with animal-based protein and
vice versa, and BC risk. Replacing 30 g/day of plant-based
protein with an equal amount of animal-based protein was
associated with a higher BC risk after adjusting for age, sex,
and energy intake (Model 2: HR: 1.37; 95% CI: 1.13, 1.67)
and similar findings were observed for men (Model 2: HR:
1.75; 95% CI: 1.16, 2.65) and women (Model 2: HR: 1.78;
95% CI: 1.18, 2.70). However, these associations did not
remain in the final adjusted model.

In addition, when 30 g/day of animal-based protein
replaced by the same amount of plant-based protein, a sig-
nificant decrease in BC risk in Model 2 was observed in all

Table 3 The association between dietary intakes of animal-based protein and bladder cancer

Linear association (per

Nonlinear association (per 30 g)

30g) Tertile 1 <6.6 g/  Tertile2 6.6-152 g/  Tertile 3 >152 g/lday P trend
day day

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
All participants (cases/non-cases) 1,440/432,972 370/145,273 546/144,888 524/142,811
Person-year 4,224,643.8 1,544,886.6 1,424,251.8 1,255,505.4
Model 1 1.65(1.42,1.93) 1 (ref) 1.31 (1.14, 1.50) 1.41 (1.23,1.63) <0.001
Model 2 1.23 (1.05, 1.44) 1 (ref.) 1.21 (1.06, 1.38) 1.14 (0.99, 1.32) 0.06
Model 3 1.12(0.92, 1.38) 1 (ref) 1.13(0.98, 1.30) 1.05 (0.90, 1.24) 0.44
Based on sex (P for interaction> 0.05)
Men (cases/non-cases) 986/115,083 237/34,006 357/38,558 392/42,519
Model 1 1.24 (1.04, 1.49) 1 (ref) 1.20 (1.02, 1.42) 1.20 (1.01, 1.43) 0.04
Model 2 1.24 (1.03, 1.48) 1 (ref) 1.18 (1.00, 1.39) 1.19 (1.00, 1.42) 0.05
Model 3 1.16 (0.92, 1.46) 1 (ref) 1.09 (0.92, 1.30) 1.09 (0.90, 1.32) 0.37
Women (cases /non-cases) 454/317,889 133/111,267 189/106,330 132/100,292
Model 1 1.14 (0.81, 1.62) 1 (ref) 1.26 (1.01, 1.59) 1.00 (0.76, 1.32) 0.77
Model 2 1.16 (0.82, 1.64) 1 (ref) 1.25(0.99, 1.57) 0.99 (0.75, 1.31) 0.83
Model 3 0.98 (0.63, 1.52) 1 (ref) 1.20 (0.94, 1.53) 0.94 (0.68, 1.28) 0.99

HR, hazard ratio; CI, confidence interval; g, gram

Model 1: Adjusted based on total energy intake

Model 2: Additionally, adjusted based on age and sex

Model 3: Additionally, adjusted based on smoking status and alcohol intake
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Table 4 The association between dietary intakes of plant-based proteins and bladder cancer

Linear association (per

Nonlinear association (per 30 g)

30g) Tertilel <17.9 g/  Tertile2 17.9-28.0 g/ Tertile3 >28.0 g/day P trend
day day

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
All participants (cases /non-cases)  1,440/432,972 541/144,841 497/143,893 402/144,238
Person-year 4224838.7 1087839.3 1569512.2 1567487.2
Model 1 0.65 (0.56, 0.75) 1 (ref) 0.88 (0.78, 1.00) 0.74 (0.64, 0.86) <0.001
Model 2 0.76 (0.65, 0.88) 1 (ref) 1.01 (0.89, 1.15) 0.81(0.70, 0.94) 0.006
Model 3 0.86(0.73, 1.02) 1 (ref) 1.02 (0.88, 1.17) 0.90 (0.77, 1.06) 0.21
Based on sex (P for interaction > 0.05)
Men (cases/non-cases) 986/115,083 360/35,793 324/36,466 302/42,824
Model 1 0.93(0.78, 1.11) 1 (ref) 1.02 (0.87, 1.19) 0.92 (0.78, 1.10) 0.41
Model 2 0.94 (0.78, 1.12) 1 (ref) 1.04 (0.89, 1.22) 0.93 (0.78, 1.11) 0.36
Model 3 0.92(0.75, 1.12) 1 (ref) 1.02 (0.85, 1.21) 0.92 (0.76, 1.11) 0.36
Women (cases/non-cases) 454/317,889 181/109,048 173/107,427 100/101,414
Model 1 0.50 (0.38, 0.66) 1 (ref.) 0.94 (0.75, 1.18) 0.59 (0.45, 0.78) <0.001
Model 2 0.51(0.38,0.67) 1 (ref) 0.95(0.75, 1.19) 0.58 (0.44,0.77) 0.01
Model 3 0.76 (0.55, 1.05) 1 (ref) 1.02 (0.79, 1.30) 0.88 (0.65, 1.18) 0.44

HR, hazard ratio; CI, confidence interval; g, gram
Model 1: Adjusted based on total energy intake
Model 2: Additionally, adjusted based on age and sex

Model 3: Additionally, adjusted based on smoking status and alcohol intake

Table 5 Substitution models where 30 g/day of dietary protein sources with each other

Animal-based protein for plant-based protein (30 g/day) Plant-based protein for animal-based protein

(30 g/day)
Model 1 h (95% Model 2 h (95% Model 3h (95% Model 1 h (95% Model 2h (95% Model 3 h
CI) CI) CD) CI) CI) (95% CI)

All participants 1.93(1.59,2.33) 1.37(1.13,1.67) 1.17(0.92,1.48) 0.52(0.43,0.62) 0.72(0.59,0.88) 0.85(0.67,
1.08)

Based on sex®* Men 1.18 (0.95,1.48) 1.75(1.16,2.65) 1.16(0.89,1.52) 0.84(0.67,1.04) 0.84 (0.67,1.05) 0.85(0.65,
1.11)

Women 1.93 (1.30,2.86) 1.78(1.18,2.70) 1.18(0.72,1.95) 0.56 (0.37,0.86) 0.56(0.37,0.85) 0.84 (0.51,
1.38)

HR, hazard ratio; CI, confidence interval; g, gram
Model 1: Adjusted based on total energy intake
Model 2: Additionally, adjusted based on age, sex

Model 3: Additionally, adjusted based on smoking status and alcohol intake

*P heterogeneity > 0.05

participants (Model 2: HR: 0.72; 95% CI: 0.59, 0.88) and
women (Model 2: HR: 0.56; 95% CI: 0.37, 0.85). All sig-
nificant associations disappeared in the final adjusted model
(Table 5).

In dose-response analysis, no non-linear association was
observed for animal protein replacement by plant protein
(Supplementary Fig. 1).

Sensitivity analysis
After omitting BC cases diagnosed within the first two years

of follow-up, all the associations remained unchanged (Sup-
plementary Tables 2-5).

@ Springer

Discussion

In the present large prospective study, no significant asso-
ciations were found between the intake of total protein
animal-based protein, or plant-based protein and the risk
of BC. Additionally, substituting plant-based protein with
animal-based protein or vice versa did not show significant
changes in BC risk.

To provide context, nationally representative data indicate
that the average total protein intake in the general popula-
tion is higher than that observed in our study (38.1+17.4 g/
day). For example, recent surveys suggest that average
total protein intakes approximately range from 56.9 g/day
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to 85.8 g/day [51-54], highlighting that our sample may
reflect a lower protein intake than the general population.
Understanding these benchmarks is crucial for interpreting
the implications of our findings.

The Health Professionals Follow-Up Study on 47,909
men showed that energy-adjusted total protein and animal
protein intakes were not associated with the incidence of BC
[55]. Another prospective study of 469,339 men and women
and over 1,400 incident cases of urothelial cell carcinoma
found no significant evidence that intake of energy from
total protein is associated with the risk of urothelial cell
carcinoma [56]; however, a 3% increase in the consump-
tion of energy intake from animal protein was associated
with a 15% higher risk of urothelial cell carcinoma while a
2% increase in energy from plant protein intake was asso-
ciated with a 23% lower risk of urothelial cell carcinoma
[56]. Bruemmer et al. [57] in a case-control study found no
significant association between total protein intake and BC
odds after adjusting for age, sex, country of birth, smok-
ing status, and energy intake among middle-aged men and
women. Moreover, some previous case-control studies
found no association between total protein intake and BC
risk [58, 59]. However, a US-based case-control study in
men observed an inverse association between the highest
and lowest categories of total protein intake, which was lim-
ited to a subgroup of older men [60].

Although it is difficult to separate the effects of high ani-
mal protein intake from low plant protein intake, there has
been some hypothesis about the role of animal-based foods
associated with the risk of BC, while the epidemiological
findings are inconsistent. Evidence showed that animal pro-
tein may increase the concentrations of insulin-like growth
factor-1, a peptide hormone associated with an increased
risk of cancers, including BC [61, 62]. In addition, this
increased risk might be due to the heme iron from red meat
[24, 63, 64]. Heme catalyzes the formation of N-nitroso
compounds and lipid oxidation end products, thereby
potentially inducing carcinogenesis. In addition, heterocy-
clic amines (HCAs) and polycyclic aromatic hydrocarbons
(PAHs), formed during high-temperature meat prepara-
tion, are suggested to increase genetic instability and to be
carcinogenic via interaction with DNA [65]. Furthermore,
HCAs are shown to be responsible for the mutagenic activ-
ity of cooked meats [24, 66]. On the other hand, although
the effect of consuming plant-based proteins on BC and its
mechanisms are still unknown, there is evidence that some
plant-based components, such as isothiocyanates in cruci-
ferous vegetables, flavones, and isoflavones are involved
in pathways of inflammatory response, proliferation, and
apoptosis of cells [67—69], thereby potentially playing an
essential beneficial role in the prevention of BC in humans
[9, 69, 70].

In contextualizing our findings, it is important to note
that the average total protein intake in the general Euro-
pean adult population typically ranges from 67 to 114 g/day
for adult men and 59 to 102 g/day for women, with dietary
sources reflecting a mixture of animal and plant origins
[71]. This is significantly higher than the total protein intake
measured in the present study (38.1 +17.4 g/day). This sug-
gests that the participants in our cohort may have had lower
protein intake compared to the general population, which
could influence the generalizability of our results.

In our study, adjusting for smoking status and alcohol
intake in the final model led to the disappearance of sig-
nificant associations. However, the observed associations
between protein intake and BC risk may still be influenced
by residual confounding from smoking, a known strong risk
factor for BC [72]. Moreover, while animal-based protein
intake is associated with body mass index (BMI) [73], we
were unable to adjust for BMI due to insufficient data. It
is also possible that unmeasured factors, such as specific
dietary micronutrients, contributed to the associations in
our study. However, there is no consistent evidence linking
these factors to BC risk [74, 75], and any associations are
unlikely to fully account for our findings.

To our knowledge, this is the first large prospective
cohort study to evaluate the effect of animal-based pro-
tein and plant-based proteins and their substitution for one
another on BC risk. In cohort studies on diet and cancer
risk, the possibility of reversed causality can be a concern.
Since removal of early diagnosed BC cases did not alter the
results, we can conclude there is likely no reversed causal-
ity. Participants who got an BC diagnosis within a short
period of follow-up, where therefore not excluded from the
present study. However, the present study has several limi-
tations. One notable limitation of our study is the absence
of data on other cancer types within the cohort. As a result,
we were unable to account for the potential confounding
effects of prevalent cases of other cancers, which may have
influenced BC risk. Future studies with comprehensive can-
cer registries could help address this gap and provide more
robust insights into the relationship between dietary intake
and BC. In addition, limited data was available on many
possible confounding factors (e.g. BMI, physical activity,
socioeconomic status, and exposure to carcinogenic chemi-
cals). These variables are known to impact both dietary
behaviors and cancer risk, which may introduce residual
confounding into our risk estimates and the possibility of
adjusting for these factors could provide more accurate risk
estimates. Secondly, it is demonstrated that the cooking
methods of foods may considerably affect the link between
food consumption and BC risk. However, no data on cook-
ing methods was available. Thirdly, measurement error and
misclassification could have occurred using FFQs for the
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diet. As a result, information bias (a common bias in nutri-
tional studies), as a consequence of self-reported informa-
tion on dietary intakes, is to be considered when interpreting
the results of the current study. Finally, the majority of the
current study’s participants were of Caucasian ethnicity,
which may limit the generalizability of the results to other
ethnicities.

Conclusion

In conclusion, the results of this large prospective study sug-
gest that proteins from animal foods are positively associ-
ated with the risk of BC among current smokers. The intake
of plant-based proteins, as a substitute for animal-based pro-
teins, was associated with a lower risk of BC among current
smokers. More studies are required to provide clear insights
into the possible mechanisms of the effects of animal and
plant-based proteins and the risk of BC.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s00394-0
24-03551-3.

Acknowledgements None.

Author contributions S.B., M.D., A.S., M.F.,, A.W., and M.Z. were
involved in the study conceptualization, methodology, data analysis,
writing, and editing of the manuscript. A.S., M.E., A.A., M.B., E'W.,
F.C, EW, MG, L H, FL, GS., AT, ER., M.Z, and A.W. were
involved in editing the manuscript and providing critical feedback. All
authors have read and agreed to the published version of the manu-
script.

Funding This work was partly funded by the World Cancer Research
Fund International (WCRF 2012/590) and the European Commission
(FP7-PEOPLE-618308).

Data availability Datasets that are minimally required to replicate the
outcomes of the study will be made available upon reasonable request.

Declarations

Ethics approval and consent to participate Each participating study
has been approved by the local ethics committee. Informed consent
was obtained from all individual participants included in each study.

Conflict of interest The authors declare that they have no conflict of
interest.

Disclaimer Where authors are identified as personnel of the Interna-
tional Agency for Research on Cancer/ World Health Organization, the
authors alone are responsible for the views expressed in this article
and they do not necessarily represent the decisions, policies, or views
of the International Agency for Research on Cancer/ World Health Or-
ganization.

@ Springer

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,
Jemal A et al (2021) Global Cancer statistics 2020: GLOBOCAN
estimates of incidence and Mortality Worldwide for 36 cancers in
185 countries. Cancer J Clin 71(3):209-249

2. Safiri S, Kolahi A-A, Naghavi M (2021) Global, regional and
national burden of bladder cancer and its attributable risk factors
in 204 countries and territories, 1990-2019: a systematic analysis
for the Global Burden of Disease study 2019. BMJ Global Health
6(11):¢004128

3. Mossanen M, Gore JL (2014) The burden of bladder cancer care:
direct and indirect costs. Curr Opin Urol 24(5):487-491

4. Botteman MF, Pashos CL, Redaelli A, Laskin B, Hauser R (2003)
The health economics of bladder cancer. PharmacoEconomics
21(18):1315-1330

5. Fankhauser CD, Mostafid H (2018) Prevention of bladder cancer
incidence and recurrence: nutrition and lifestyle. Curr Opin Urol
28(1):88-92

6. Al-Zalabani AH, Stewart KF, Wesselius A, Schols AM, Zeegers
MP (2016) Modifiable risk factors for the prevention of bladder
cancer: a systematic review of meta-analyses. Eur J Epidemiol
31(9):811-851

7.  Burger M, Catto JW, Dalbagni G, Grossman HB, Herr H, Kara-
kiewicz P et al (2013) Epidemiology and risk factors of urothelial
bladder cancer. Eur Urol 63(2):234-241

8. Pelucchi C, Bosetti C, Negri E, Malvezzi M, La Vecchia C (2006)
Mechanisms of disease: the epidemiology of bladder cancer. Nat
Clin Pract Urol 3(6):327-340

9. Rossi M, Strikoudi P, Spei M-E, Parpinel M, Serraino D, Mon-
tella M et al (2019) Flavonoids and bladder cancer risk. Cancer
Causes Control 30(5):527-535

10. Yao B, YanY, Ye X, Fang H, Xu H, Liu Y et al (2014) Intake of
fruit and vegetables and risk of bladder cancer: a dose-response
meta-analysis of observational studies. Cancer Causes Control
25(12):1645-1658

11. Dianatinasab M, Wesselius A, Salehi-Abargouei A, Yu EYW,
Brinkman M, Fararouei M et al (2020) Adherence to a west-
ern dietary pattern and risk of bladder cancer: a pooled analy-
sis of 13 cohort studies of the bladder Cancer Epidemiology
and Nutritional determinants international study. Int J Cancer
147(12):3394-3403

12. Xenou D, Tzelves L, Terpos E, Stamatelopoulos K, Sergentanis
TN, Psaltopoulou T (2021) Consumption of fruits, vegetables and
bladder Cancer risk: a systematic review and Meta-analysis of
prospective cohort studies. Nutr Cancer.:1-14

13. Bermejo LM, Lopez-Plaza B, Santurino C, Cavero-Redondo I,
Gomez-Candela C (2019) Milk and dairy product consumption
and bladder cancer risk: a systematic review and meta-analysis of
observational studies. Adv Nutr 10(suppl2):S224—S38


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00394-024-03551-3
https://doi.org/10.1007/s00394-024-03551-3

European Journal of Nutrition

(2025) 64:55

Page9of 11 55

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Wang X, Lin Y-W, Wang S, Wu J, Mao Q-Q, Zheng X-Y et al
(2013) A meta-analysis of tea consumption and the risk of bladder
cancer. Urol Int 90(1):10-16

Clinton SK, Giovannucci EL, Hursting SD, The World Cancer
Research Fund/American Institute for Cancer Research Third
(2020) Expert Report on Diet, Nutrition, Physical Activity, and
Cancer: impact and future directions. J Nutr 150(4):663—-671

De Waele E, Jakubowski JR, Stocker R, Wischmeyer PE (2021)
Review of evolution and current status of protein require-
ments and provision in acute illness and critical care. Clin Nutr
40(5):2958-2973

Phillips SM (2017) Current concepts and unresolved questions
in dietary protein requirements and supplements in adults. Front
Nutr.:13

Kitada M, Ogura Y, Monno I, Koya D (2019) The impact of
dietary protein intake on longevity and metabolic health. EBio-
Medicine 43:632-640

Budhathoki S, Sawada N, Iwasaki M, Yamaji T, Goto A, Kote-
mori A et al (2019) Association of animal and plant protein intake
with all-cause and cause-specific mortality in a Japanese cohort.
JAMA Intern Med 179(11):1509-1518

Virtanen HE, Voutilainen S, Koskinen TT, Mursu J, Kokko P, Yli-
lauri M et al (2019) Dietary proteins and protein sources and risk
of death: the Kuopio Ischaemic Heart Disease risk factor study.
Am J Clin Nutr 109(5):1462-1471

Ferrucci LM, Sinha R, Ward MH, Graubard BI, Hollenbeck AR,
Kilfoy BA et al (2010) Meat and components of meat and the
risk of bladder cancer in the NIH-AARP Diet and Health Study.
Cancer 116(18):4345-4353

Larsson SC, Johansson J-E, Andersson S-O, Wolk A (2009) Meat
intake and bladder cancer risk in a Swedish prospective cohort.
Cancer Causes Control 20:35-40

Xu X (2019) Processed meat intake and bladder cancer risk in
the prostate, lung, colorectal, and ovarian (PLCO) cohort. Cancer
Epidemiol Biomarkers Prev 28(12):1993-1997

Dianatinasab M, Wesselius A, de Loeij T, Salehi-Abargouei A,
Evan Y, Fararouei M et al (2021) The association between meat
and fish consumption and bladder cancer risk: a pooled analysis
of 11 cohort studies. Springer, pp 1-12

Hoffman JR, Falvo MJ (2004) Protein - which is best? J Sports
Sci Med 3(3):118-130

Wu G (2016) Dietary protein intake and human health. Food
Funct 7(3):1251-1265

Song M, Giovannucci E (2018) Substitution analysis in nutri-
tional epidemiology: proceed with caution. Eur J Epidemiol
33:137-140

Goossens ME, Isa F, Brinkman M, Mak D, Reulen R, Wesselius A
et al (2016) International pooled study on diet and bladder cancer:
the bladder cancer, epidemiology and nutritional determinants
(BLEND) study: design and baseline characteristics. Archives
Public Health 74(1):1-10

Riboli E, Kaaks R (1997) The EPIC project: rationale and study
design. European prospective investigation into Cancer and
Nutrition. Int J Epidemiol 26(suppl1):S6

Tjenneland A, Olsen A, Boll K, Stripp C, Christensen J, Engholm
G et al (2007) Study design, exposure variables, and socioeco-
nomic determinants of participation in Diet, Cancer and Health:
a population-based prospective cohort study of 57,053 men and
women in Denmark. Scand J Public Health 35(4):432-441
Clavel-Chapelon F, Van Liere M, Giubout C, Niravong M, Gou-
lard H, Le Corre C et al (1997) E3N, a French cohort study on
cancer risk factors. E3N Group. Etude Epidemiologique aupres
de femmes de I’Education Nationale. Eur J cancer Prevention:
Official J Eur Cancer Prev Organisation (ECP) 6(5):473-478
Boeing H, Korfmann A, Bergmann M (1999) Recruitment proce-
dures of EPIC-Germany. Annals Nutr Metabolism 43(4):205-215

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Panico S, Iacovo RD, Celentano E, Galasso R, Muti P, Salvatore
M et al (1992) Progetto ATENA, a study on the etiology of major
chronic diseases in women: design, rationale and objectives. Eur
J Epidemiol 8(4):601-608

Beulens JW, Monninkhof EM, Verschuren WM, Schouw YTvd,
Smit J, Ocke MC et al (2010) Cohort profile: the EPIC-NL study.
Int J Epidemiol 39(5):1170-1178

Lund E, Dumeaux V, Braaten T, Hjartdker A, Engeset D, Skeie
G et al (2008) Cohort profile: the Norwegian women and cancer
study—NOWAC—Kvinner og kreft. Int J Epidemiol 37(1):36—41
Riboli E, Hunt K, Slimani N, Ferrari P, Norat T, Fahey M et al
(2002) European prospective investigation into Cancer and Nutri-
tion (EPIC): study populations and data collection. Public Health
Nutr 5(6b):1113-1124

Manjer J, Carlsson S, Elmstéhl S, Gullberg B, Janzon L, Lind-
strtom M et al (2001) The Malmé Diet and Cancer Study: rep-
resentativity, cancer incidence and mortality in participants and
non-participants. Eur J Cancer Prev 10(6):489-499

Hallmans G, Agren A, Johansson G, Johansson A, Stegmayr B,
Jansson J-H et al (2003) Cardiovascular disease and diabetes in
the Northern Sweden Health and Disease Study Cohort-evalua-
tion of risk factors and their interactions. Scand J Public Health
31(61suppl):18-24

Davey GK, Spencer EA, Appleby PN, Allen NE, Knox KH, Key
TJ (2003) EPIC-Oxford: lifestyle characteristics and nutrient
intakes in a cohort of 33 883 meat-eaters and 31 546 non meat-
eaters in the UK. Public Health Nutr 6(3):259-268

Day N, Oakes S, Luben R, Khaw K, Bingham S, Welch A et al
(1999) EPIC-Norfolk: study design and characteristics of the
cohort. European prospective investigation of Cancer. Br J Can-
cer 80:95-103

White E, Patterson RE, Kristal AR, Thornquist M, King I, Shat-
tuck AL et al (2004) VITamins and lifestyle cohort study: study
design and characteristics of supplement users. Am J Epidemiol
159(1):83-93

Percy C, Vv H, Muir C, Organization WH (1990) International
classification of diseases for oncology

Percy C, van holten V, Muir C (1990) Clasificacion Internacional
de Enfermedades para oncologia Segunda edicion Ginebra: Orga-
nizacion Mundial de la Salud (OMS)

Madeb R, Messing EM (2004) Gender, racial and age differ-
ences in bladder cancer incidence and mortality. Urol Oncol
22(2):86-92

Kaaks R, Riboli E (1997) Validation and calibration of dietary
intake measurements in the EPIC project: methodological con-
siderations. European prospective investigation into Cancer and
Nutrition. Int J Epidemiol 26(suppl1):S15

Zeegers M, Goldbohm R, Van den Brandt P (2001) Are retinol,
vitamin C, vitamin E, folate and carotenoids intake associated
with bladder cancer risk? Results from the Netherlands Cohort
Study. Br J Cancer 85(7):977-983

Ferrari P, Slimani N, Ciampi A, Trichopoulou A, Naska A, Lauria
C et al (2002) Evaluation of under-and overreporting of energy
intake in the 24-hour diet recalls in the European prospective
investigation into Cancer and Nutrition (EPIC). Public Health
Nutr 5(6b):1329-1345

Poortvliet E, Klensin J, Kohlmeier L (1992) Rationale document
for the Eurocode 2 food coding system (version 91/2). Eur J Clin
Nutr 46:S9-S24

Willett WC, Howe GR, Kushi LH (1997) Adjustment for
total energy intake in epidemiologic studies. Am J Clin Nutr
65(4):1220S-8S

Hegsted DM, Tsongas AG, Abbott DB, Stare FJ (1946) Protein
requirements of adults. J Lab Clin Med 31(3):261-284

Chen Z, Glisic M, Song M, Aliahmad HA, Zhang X, Moum-
djian AC et al (2020) Dietary protein intake and all-cause and

@ Springer



55

Page 10 of 11

European Journal of Nutrition (2025) 64:55

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

cause-specific mortality: results from the Rotterdam Study and a
meta-analysis of prospective cohort studies. Springer, pp 411-429
Virtanen HEK, Voutilainen S, Koskinen TT, Mursu J, Kokko P,
Ylilauri MPT et al (2019) Dietary proteins and protein sources
and risk of death: the Kuopio Ischaemic Heart Disease risk factor
study. Am J Clin Nutr 109(5):1462-1471

Hernandez-Alonso P, Salas-Salvado J, Ruiz-Canela M, Corella
D, Estruch R, Fitd M et al (2016) High dietary protein intake is
associated with an increased body weight and total death risk.
Clin Nutr 35(2):496-506

Langsetmo L, Barr SI, Berger C, Kreiger N, Rahme E, Adachi JD
etal (2015) Associations of protein intake and protein source with
bone mineral density and fracture risk: a population-based cohort
study. J Nutr Health Aging 19(8):861-868

Michaud DS, Spiegelman D, Clinton SK, Rimm EB, Willett WC,
Giovannucci E (2000) Prospective study of Dietary supplements,
macronutrients, micronutrients, and risk of bladder Cancer in US
men. Am J Epidemiol 152(12):1145-1153

Allen NE, Appleby PN, Key TJ, Bueno-de-Mesquita H, Ros MM,
Kiemeney LA et al (2013) Macronutrient intake and risk of uro-
thelial cell carcinoma in the European prospective investigation
into cancer and nutrition. Int J Cancer 132(3):635-644
Bruemmer B, White E, Vaughan TL, Cheney CL (1996) Nutrient
intake in relation to bladder cancer among middle-aged men and
women. Am J Epidemiol 144(5):485-495

Steineck G, Hagman U, Gerhardsson M, Norell SE (1990)
Vitamin A supplements, fried foods, fat and urothelial cancer.
A case-referent study in Stockholm in 1985-87. Int J Cancer
45(6):1006—-1011

Riboli E, Gonzalez CA, Lopez-Abente G, Errezola M, Izarzugaza
I, Escolar A et al (1991) Diet and bladder cancer in Spain: a multi-
centre case-control study. Int J Cancer 49(2):214-219

Vena JE, Graham S, Freudenheim J, Marshall J, Zielezny M,
Swanson M et al (1992) Diet in the epidemiology of bladder can-
cer in western New York

Hormones TE, Group BCC (2010) Insulin-like growth factor 1
(IGF1), IGF binding protein 3 (IGFBP3), and breast cancer risk:
pooled individual data analysis of 17 prospective studies. Lancet
Oncol 11(6):530-542

Zhao H, Grossman HB, Spitz MR, Lerner SP, Zhang K, Wu X
(2003) Plasma levels of insulin-like growth factor-1 and binding
protein-3, and their association with bladder cancer risk. J Urol
169(2):714-717

Jakszyn P, Gonzalez CA, Lujan-Barroso L, Ros MM, Bueno-de-
Mesquita HB, Roswall N et al (2011) Red meat, dietary nitrosa-
mines, and heme iron and risk of bladder cancer in the European
prospective investigation into Cancer and Nutrition (EPIC). Can-
cer epidemiology. Biomarkers Prev 20(3):555-559

@ Springer

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Bastide NM, Pierre FH, Corpet DE (2011) Heme Iron from Meat
and Risk of Colorectal Cancer: a Meta-analysis and a review of
the mechanisms InvolvedHeme Iron and Colorectal Cancer. Can-
cer Prev Res 4(2):177-184

Nagao M, Wakabayashi K, Ushijima T, Toyota M, Totsuka Y,
Sugimura T (1996) Human exposure to carcinogenic heterocyclic
amines and their mutational fingerprints in experimental animals.
Environ Health Perspect 104(suppl 3):497-501

Dolara P, Commoner B, Vithayathil A, Cuca G, Tuley E, Mady-
astha P et al (1979) The effect of temperature on the formation
of mutagens in heated beef stock and cooked ground beef. Mutat
Res 60(3):231-237

Greenwald P, Clifford CK, Milner JA (2001) Diet and cancer pre-
vention. Eur J cancer (Oxford England: 1990) 37(8):948-965
Kris-Etherton PM, Hecker KD, Bonanome A, Coval SM,
Binkoski AE, Hilpert KF et al (2002) Bioactive compounds in
foods: their role in the prevention of cardiovascular disease and
cancer. Am J Med 113(Suppl 9):71s—88s

Dianatinasab M, Wesselius A, Salehi-Abargouei A, Yu EYW, Far-
arouei M, Brinkman M et al (2022) Dietary fats and their sources
in association with the risk of bladder cancer: a pooled analysis of
11 prospective cohort studies. Int J Cancer 151(1):44-55
Veeranki OL, Bhattacharya A, Tang L, Marshall JR, Zhang Y
(2015) Cruciferous vegetables, isothiocyanates, and prevention
of bladder cancer. Curr Pharmacol Rep 1(4):272-282

Agostoni C, Bresson JL, Fairweather Tait S, Flynn A, Golly I,
Korhonen H et al (2012) Scientific opinion on dietary reference
values for protein: EFSA panel on dietetic products, nutrition and
allergies (NDA). EFSA J 10(2):1-66

Bjerregaard BK, Raaschou-Nielsen O, Serensen M, Frederiksen
K, Christensen J, Tjenneland A et al (2006) Tobacco smoke and
bladder cancer—in the European prospective investigation into
Cancer and Nutrition. Int J Cancer 119(10):2412-2416
Bujnowski D, Xun P, Daviglus ML, Van Horn L, He K, Stamler
J (2011) Longitudinal association between animal and vegetable
protein intake and obesity among men in the United States: the
Chicago Western Electric Study. J Am Diet Assoc 111(8):1150—
1155el

Brinkman MT, Karagas MR, Zens MS, Schned AR, Reulen RC,
Zeegers MP (2011) Intake of a-linolenic acid and other fatty acids
in relation to the risk of bladder cancer: results from the New
Hampshire case—control study. Br J Nutr 106(7):1070-1077
Roswall N, Olsen A, Christensen J, Dragsted LO, Overvad K,
Tjenneland A (2009) Micronutrient intake and risk of uro-
thelial carcinoma in a prospective Danish cohort. Eur Urol
56(5):764-770



European Journal of Nutrition (2025) 64:55

Page 11 of 11 55

Authors and Affiliations

Sara Beigrezaei' - Mostafa Dianati>> - Amin Salehi-Abargouei* - Mohammad Fararouei® - Ali Akbari-Beni® -
Maree Brinkman’3? . Emily White'? - Elisabete Weiderpass? - Florence Le Calvez-Kelm? - Marc J. Gunter? -

Inge Huybrechts? - Fredrik Liedberg'"'2? . Guri Skeie'® - Anne Tjonneland'*'® . Elio Riboli'® - Maurice P. Zeegers

Anke Wesselius’

>4 Anke Wesselius
anke.wesselius@maastrichtuniversity.nl

' Department of Global Public Health and Bioethics, Julius
Center for Health Sciences and Primary Care, University
Medical Center (UMC) Utrecht, Utrecht, The Netherlands

International Agency for Research on Cancer World Health
Organization, Lyon, France

School of Medical and Life Sciences, Sunway University,
Sunway City, Malaysia

Nutrition and Food Security Research Center, Department
of Nutrition, School of Public Health, Shahid Sadoughi
University of Medical Sciences, Yazd, Iran

Department of Epidemiology, Shiraz University of Medical
Sciences, Shiraz, Iran

Department of Cell & Molecular Biology, University
of Mississippi Medical Center, 2500 North State Street,
Jackson, MS 39216, USA

Department of Epidemiology, Maastricht University,
Universiteitssingel 40 (Room C5.570), Maastricht
6229 ER, The Netherlands

14

7,17,18

Department of Clinical Studies and Nutritional
Epidemiology, Nutrition Biomed Research Institute,
Melbourne, Australia

Cancer Epidemiology Division, Cancer Council Victoria, 615
St Kilda Road, Melbourne, VIC 3004, Australia

Fred Hutchinson Cancer Research Center, Seattle, WA, USA

Department of Urology, Skéne University Hospital, Malmo,
Sweden

Institution of Translational Medicine, Lund University,
Malmo, Sweden

Department of Community Medicine, UIT The Arctic
University of Norway, Tromse, Norway

Danish Cancer Society Research Center, Copenhagen,
Denmark

Department of Public Health, University of Copenhagen,
Copenhagen, Denmark

Department of Epidemiology and Biostatistics, School of
Public Health, Imperial College London, London, UK

CAPHRI School for Public Health and Primary Care,
Maastricht University, Maastricht, The Netherlands

School of Cancer Sciences, University of Birmingham,
Birmingham, UK

@ Springer


http://orcid.org/0000-0003-4474-9665

	﻿The association between animal protein, plant protein, and their substitution with bladder cancer risk: a pooled analysis of 10 cohort studies
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study population
	﻿Data collection and coding
	﻿Statistical analyses

	﻿Results
	﻿Baseline characteristics
	﻿Total dietary protein intake and BC risk
	﻿Animal dietary protein intake and BC risk
	﻿Plant-based protein intake and BC risk
	﻿Substitution of protein sources and BC risk
	﻿Sensitivity analysis

	﻿Discussion
	﻿Conclusion
	﻿References


